Objective: To assess the validity of the CAGE (cut down, annoyed, guilty feelings, eye-opener) questionnaire and the Michigan Alcoholism Screening Test (MAST) in distinguishing between elderly patients with and without alcohol abuse or dependence disorders. Design: A cross-sectional study, in which patients were interviewed with a "gold standard," the alcohol module of the Revised Diagnostic Interview Schedule (DIS-III-R), and two screening questionnaires: the CAGE and the MAST. Setting: The study was conducted in the outpatient medical practice of a university teaching hospital. Patients: All English-speaking continuity patients 65 years of age or older able to participate were eligible; complete data were available for 154 (91%) of the 170 people who agreed to participate. Results: Sixty-seven patients (44%) were active drinkers, whereas 87 (56%) reported abstinence. Twenty-five patients (16%) met Diagnostic and Statistical Manual of Mental Dtsorders-III-Revised (DSM-III-R) criteria for alcohol abuse or dependence. A CAGE score of 2, the conventional cutoff point, had a sensitivity and a specificity of 48% and 99%, respectively. A MAST score of 5, the originally recommended cutoff point, had a sensitivity and a specificity of 52% and 91%, respectively. The areas under the receiver operating characteristic (ROC) curves were 0.91 for the CAGE and 0.61 for the MAST. Conclusion: The CAGE and the MAST were both characterized by low sensitivities at conventional cufoff points, but the CAGE was significantly more effective than the MAST in discriminating between elderly medical outpatients with and without alcohol abuse or dependence.
ommending that clinicians ask all adolescent and adult patients about their drinking. ~ However, the different and probably more subtle nature of alcohol-use disorders in elderly people in comparison with those of their younger counterparts may make early detection of problem drinking among older adults even more challenging than it is for younger patients. 5 Therefore, routine but unstandardized questions about alcohol consumption may be unreliable and inaccurate. Another option is the use of brief validated screening questionnaires.
The use of questionnaires originally developed to detect alcoholism in younger adults in studies of elderly people has been criticized. Graham has raised concerns about self-report questions, traditional cutoff points for defining excessive drinking, markers of alcohol problems that were standardized in studies of young men, and the potential overlap between symptoms of alcohol-use disorders and changes attributed to aging itself. 5 Direct evidence from validation studies should be used to support or refute Graham's concerns. Despite a need for such studies, only Buchsbaum et al. 6 have compared a commonly used questionnaire (CAGE) with a structured clinical interview in an elderly outpatient population; they found a sensitivity and a specificity of 70% and 91%, respectively, for the conventional two or more affirmative responses as a positive test for alcoholism.
The CAGE, 7 the briefest alcoholism screening questionnaire, consists of four questions: 1) Have you ever felt you should cut down on your drinking? 2) Have people ever annoyed you by criticizing your drinking? 3) Have you ever felt guilty about your drinking? 4) Have you ever had a drink first thing in the morning (eye-opener) to steady your nerves or to get rid of a hangover? Previous studies validating the CAGE in primary care settings have reported sensitivities of 70-80% and specificities of 85 -91%.6, 8, 9 The Michigan Alcoholism Screening Test (MAST), TM a 25-item questionnaire, has also been advocated for use in primary care, it although there are few data describing its performance in primary care settings in comparison with a structured clinical interview.
We sought to test the effectiveness of these most widely used alcoholism screening questionnaires, the CAGE and the MAST, in differentiating between elderly medical outpatients with and without alcohol abuse or dependence.
METHODS
Patients were recruited between June and September 1991 in the general internal medicine clinic at North Carolina Memorial Hospital. Any patients judged by their primary physicians to be unable to participate due to severe physical illness or dementia were excluded; all remaining English-speaking continuity care patients 65 years of age or older being seen by faculty or fellows were eligible for participation. Trained research assistants contacted patients sequentially in the waiting area before the visit with their physicians. Persons who agreed to participate were offered remuneration of $3 to compensate for their parking expenses.
The research assistants conducted private interviews that included the alcohol module of the Revised Diagnostic Interview Schedule (DIS-III-R), 12 the CAGE, and the MAST. The DIS-III-Rwas employed as the "gold standard," based on its established performance for diagnosis of alcohol-use disorders such as alcohol abuse and alcohol dependence as defined by DSM-III-R criteria.12. 13 The different instruments comprising the interview were administered in the same order for all subjects. Demographic information was also collected.
The CAGE was scored as the number of positive or affirmative responses, yielding a range of scores from 0 to 4. The MAST consists primarily of yes/no-format questions, but some affirmative responses are also quantified and different weights are applied to selected questions. The 30-item DIS-III-R alcohol module consists of a combination of yes/no-format questions and quantified responses. Scores on the DIS-III-R are applied to DSM-III-R criteria for identification of four categories of alcohol disorders: current dependence; current abuse; lifetime but not current dependence (not in the previous 12 months; in remission); and lifetime but not current abuse (not in the previous 12 months; in remission).
Medical records were reviewed for all participants, as well as for the group of 16 people who agreed to participate but were unable to complete the interview and a ten-person random subsample of the group of people who refused to participate. Research assistants reviewing records were blinded to results of the interviews. Information abstracted from ambulatory records included age, gender, race, medical problems, and medications; records were reviewed to determine whether there were significant differences between the participants and the patients who did not complete the interview and those who refused to participate.
DIS-III-R results were independently hand scored by two of the investigators (TVJ, BAL). One investigator (BAL), a geropsychiatrist, was blinded to the screening test results of the interview when scoring the DIS-III-R. Complete agreement was obtained between the two scorers.
Comparisons were made between the subjects who completed the interview, those who agreed to participate but who did not complete the interview, and those who refused to participate. The Kruskal-Wallis test was used to compare means, and the chi-square test and Fisher's exact test were used to compare proportions.
CAGE and MAST results were individually compared with the gold standard of DIS-III-R results, by calculating for each instrument sensitivities and specificities for a range of scores, as well as predictive values and likelihood ratios.14 Receiver operating characteristic (ROC) curves were also constructed for the two instruments. 15 Posterior probabilities were also calculated for a range of CAGE and MAST scores, for several different prior probabilities, or prevalences, of alcohol disorders. 
RESULTS
Two-hundred nineteen patients met eligibility criteria and were asked to participate. Of these, 170 (78%) agreed to participate and 154 (70%) completed the interview. The patients completing the study had a mean age of 73.7 + 6.5 years, and were more likely to be white (74.7%) and female (59.1%); they also had an average of 3.9 + 2.0 medical problems and took an average of 4.4 + 3.9 medications. There was no statistically significant difference among the patients completing the study, those who agreed to participate but who failed to complete the study, and those who refused to participate.
Sixty-seven people (44%) were active drinkers, whereas 87 people (56%) were abstainers. Fourteen (9%) met DSM-III-R criteria for alcohol dependence, including three (1.9%) with current and 11 (7.1%) with lifetime (not current; in remission) dependence. Eleven (7%) met criteria for alcohol abuse, including three (1.9%) with current abuse and eight (5.2%) with lifetime (not current; in remission) abuse. Sixteen of the 25 persons who met criteria for either dependence or abuse reported active drinking, including three with current dependence, three with current abuse, four with dependence in remission, and six with abuse in remission. The other nine meeting criteria for dependence or abuse had become abstainers, with no drinking for at least one year. Table 1 shows the CAGE and MAST scores for the patients with and without abuse or dependence, and also shows the sensitivity, specificity, positive predictive value, and likelihood ratio for each score.
The Roe curves for the CAGE and the MAST are shown in Figure 1 . The area under the curve was 0.91 with a standard error of 0.04 for the CAGE, whereas the area under the curve was only 0.61 with a standard error of 0.06 for the MAST. Table 2 shows posterior probabilities of alcohol abuse or dependence that correspond to a range of CAGE and MAST scores over a range of possible prevalcnces or prior probabilities, including the 16% prevalence in this study population.
DISCUSSION
We found that the CAGE performed very well in discriminating between elderly medical outpatients with and without alcohol abuse or dependence by DSM-III-R criteria, whereas the MAST performed at a level little better than chance alone. Our findings for the CAGE's performance, as exemplified by an area under the ROC curve of 0.91, are remarkably consistent with the previously published findings by Buchsbaum et al. 6 in elderly outpatients (area under ROC curve of 0.86), by Buchsbaum et al.S in a mixed-adult outpatient population (area under Roe curve of 0.89), by Mayfield et al. :6 in a study of mixed-age adult psychiatric inpatients, and by Bush, 17 in a study of elderly medical inpatients.
In contrast, the MAST had a sensitivity and a specificity at the conventional cutoff point of 5 of only 52% and 91%, respectively, and an area under the Roe curve of only 0.61. Similarly modest results were found in a study by Yersin of the MAST in hospitalized elderly general medicine patients (positive predictive value of 61% for a cutoff score-----5), TM whereas the MAST performed better in a study of hospitalized elderly alcoholics by Willenbring et al. (sensitivity and specificity of 1.00 and 0.83, respectively, for a score of 5 or more) ~9 and a study by Ross et al. of patients in an addiction program (area under ROC curve of 0.91). 2° The strong performance of the MAST in the latter two studies may have been inflated by spectrum bias. TM Their inclusion of a high proportion of previously diagnosed alcoholic patients increases the possibility that many of those alcoholic patients were at an advanced stage of self-recognition, with decreased likelihood of denial, compared with alcoholic patients in a general medical setting. In addition, the studies by Willenbring et al. and Ross et al. had higher prevalences or prior probabilities of alcohol disorders, which contributed to their higher positive predictive values.
The convention of dichotomizing scores on a screening test such as the CAGE into positive and negative results raises the potential for the practitioner to be falsely reassured by a negative score even when there is a significant possibility that the patient does meet cri- (2) in the CAGE-score 4 cell.
teria for abuse or dependence. For example, a score of 1 on the CAGE yielded a posttest probability of abuse or dependence of 39%; conventionally interpreting a score of 1 on the CAGE as negative would have resulted in discarding the possibility of abuse or dependence for ten (40%) of our 25 subjects who met criteria for abuse or dependence.
There are several limitations of this study. The study population was relatively small, which in turn limited the number of persons with high scores on the CAGE and the MAST. In addition, the participation rate was only moderate, with the group who failed to complete the interview and the group who refused to participate creating the potential for bias. However, there was no statistically significant difference on several demographic and health variables among the group that completed the interview, the incomplete group, and the random subsample of refusals, which diminishes concern that selection bias occurred.
Finally, the two screening tests and the gold standard structured clinical interview all depend on selfreport of alcohol consumption and consequences associated with that consumption. Although there is concern about the validity of self-reported information about the use of alcohol, 2t it is also recognized that other measures of excessive alcohol consumption have their own limitations. 21, 22 The previous version of the DIS-III-R, the DIS, has been shown to have relatively good sensitivity and specificity in comparison with interviews conducted by psychiatrists, particularly for selected types of conditions such as alcohol-use disorders. 23 This study has shown that the CAGE effectively discriminates between elderly medical outpatients with and without alcohol abuse or dependence, and that the utility of the CAGE can be expanded by providing likelihood ratios for the full range of scores. In contrast, the MAST appears to have limited value in detecting alcohol abuse or dependence in elderly medical outpatients. This information should benefit practitioners, who must determine for their elderly patients whether there is a possibility of a serious alcohol problem, which would warrant further evaluation and treatment.
